A total of 75 strains (including 5 reference strains) of Bacillus amyloliquefaciens, B. cereus, B. circulans, B. licheniformis, B. megaterium, B. pumilus, B. sphaericus, B. subtilis, and B. thuringiensis and 36 species-unidentified Bacillus strains were surveyed for plasmids by cesium chloride-ethidium bromide equilibrium centrifugation of cell lysates in a study of antibiotic resistance in host cells. Of the 111 strains, 13 (including 3 reference strains) were found to harbor plasmids, and 5 of the 13 showed antibiotic resistance. This antibiotic resistance appeared not to be due to the plasmids, however, because the trait was not cured by cultivation of cells in nutrient medium containing ethidium bromide (1 ,ug/ml), sodium dodecyl sulfate (0.2 ,ug/ml), or novobiocin (1 ,ug/ml), except in one strain, in which kanamycin and streptomycin resistances were cured by novobiocin. One strain of B. amyloliquefaciens, S294, was found to harbor a plasmid, pFTI14, which differed from the plasmid species of classes 1 to 6 in B. subtilis and B. amyloliquefaciens, as determined by restriction analysis and DNA contour length determination. However, in DNA-DNA hybridization on a filter after Southern blotting from an agarose gel, the pFTB14 DNA hybridized with plasmids of classes 1 to 5. Three strains ofB. thuringiensis each carried at least 4 to 11 plasmid species, whereas no plasmids were detected in four strains of B. cereus, which, in relation to B. thuringiensis, is closely related taxonomically and has highly homologous DNA sequences. The plasmid DNAs prepared from species other than B. subtilis and B. amyloliquefaciens did not hybridize with that of pFTB14.
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Plasmids have been detected in several Bacillus spp., including Bacillus brevis (9) , B. cereus (3) , B. licheniformis (26) , B. megaterium (6, 7) , B. pumilus (22, 23) , B. sphaericus (26) , B. stearothermophilus (4) , B. subtilis (3, 20, 23, 24, 26, 36, 37, 39) , and B. thuringiensis (11, 21, 35) . Most of these plasmids are cryptic, although one plasmid of B. thuringiensis is connected with the production of insecticidal crystal protein (29) . Some of the plasmids found in B. cereus (3) , B. licheniformis (26) , B. sphaericus (26) , B. stearothermophilus (4), B. subtilis (26) and a thermophilic bacillus (14) have been shown to be connected with tetracycline resistance, a plasmid in B. subtilis is associated with erythromycin resistance (24) , and a plasmid in a thermophilic bacillus renders host cells resistant to both kanamycin and tetracycline (14) . The relatively lower-molecular-size cryptic plasmids found in B. subtilis strains (36, 37, 39) , some of which have been relabeled as B. amyloliquefaciens on the basis of DNA-DNA hybridization data (31) , have been classified into six classes by Uozumi et al. (39) . Since plasmids are of interest because of their utility as vectors in recombinant DNA experiments, we surveyed plasmids in various Bacillus strains with special reference to resistance to heavy doses of antibiotics.
DNAs of the cryptic plasmids of classes 1 to 5 (39) In transformation studies of antibiotic resistance traits, B. subtilis KY104 (ilvC4 trpC2 r-m-) was used as the recipient. Strain KY104 was constructed in our laboratory by congressional transformation of strain M1113 (argl5 trpC2 r-m-) with DNA of strain CU356 (ilvC4 trpC2 [40] (2.5 IiCi/Lg of thymidine; Radiochemical Centre, Amer- sham, England) per ml and 250 ,ug of 2-deoxyadenosine per ml to stimulate thymidine incorporation (5).
Cells were harvested and lysed as described by Matsubara et al. (25) , except that incubation was at 37°C in 20 mM Tris-hydrochloride buffer (pH 8.0) containing 6 mM EDTA. To 4.76 ml of the lysate, 5 on August 27, 2017 by guest http://aem.asm.org/ Downloaded from each) were collected through a needle hole at the bottom of the centrifuge tube. To detect the peak of plasmid DNA, a portion (25 ,ul) of each fraction was spotted onto a piece of no. 4 filter paper (1.6 by 1.6 cm; Whatman Ltd., Kent, England). After drying under an electric lamp, the filters were washed twice with appropriate amounts of trichloroacetic acid (10%) solution and once with ethanol (95%) and dried under an electric lamp. Their radioactivity was counted in a liquid scintillation counter (model LS-250; Beckman Instruments, Inc., Fullerton, Calif.). By this method, the blank count of radioactivity was normally 100 to 200 cpm, and that of the chromosomal fraction was about 20,000 cpm; therefore, the resolution limit for plasmid detection was a DNA mass of 1% chromosomal DNA.
Physical analysis of plasmids. To characterize the plasmids by restriction endonuclease digestion and electron microscopic observation, DNAs were prepared from 1 liter of culture in BHI medium and purified by the CsCl-EtBr equilibrium centrifugation method of Tanaka et al. (37) . The purified DNA was dissolved in an appropriate amount of 10 mM Trishydrochloride buffer (pH 8.0) containing 1 [39] ; class 1), pLS22 (class 1) (36) , and pLS11 (37) (pTA1060 [39] ; class 5), whereas reference strains IFO 3214 and IAM 1523 do not harbor plasmids (37) . These results were confirmed by CsCl-EtBr centrifugation of [3H]DNAs and digestion of the plasmids with the restriction enzymes EcoRI, BamHI, and HindIII (Tables 1  and 2 ). By the same method, plasmids were detected in 10 of the 106 other strains tested ( Table 1 ). Physical properties of the plasmids detected in the 7 strains of Bacillus spp. other than B. thuringiensis are listed in Table 2 
We observed similar plasmids in the DNA samples of the same strains (these plasmids are not listed in Table 2 ). We did not investigate these large plasmids further, as they are considered unsuitable as vectors.
According to our stock note, B. subtilis OUT 8235 should harbor the plasmid pLS15, as this strain is a clone derived from IFO 3009. However, the plasmid which we detected in OUT 8235, pFTB11, had a molecular weight that was entirely different from that of pLS15 (36) (corresponding to pTA1010 [39] Table 2 ). The plasmid DNA in these strains was equal to 20 to 25% of the chromosomal DNA, as estimated from the radioactivities of the DNA peaks. Since the DNA preparations from these strains showed complicated patterns of migration on an agarose gel, we investigated the plasmid species with respect to molecular sizes by measuring their contour lengths under an electron microscope. It was estimated that B. thuringiensis subsp. thuringiensis harbored at least 11 plasmid species: four major species with molecular sizes of 3.6, 5. B. thuringiensis is pathogenic to certain insects, producing crystalline parasporal bodies. This distinguishes it from B. cereus, to which it is similar in morphological and physiological characteristics (10), fatty acid composition (16) , and flagellar antigens (19) ; in addition, the two species have a high degree of DNA homology (30) . These features were confirmed in a previous study (30) with the same three test strains of B. thuringiensis and four strains of B. cereus.
(Note: in Table 1 of our previous publication [30] , the serotypes of B. thuringiensis subspp. aizawai and thuringiensis were reversed. The table should indicate that B. thuringiensis subsp. aizawai is of serotype 7 and B. thuringiensis subsp. thuringiensis is of serotype 1.) The fact that all three strains of B. thuringiensis contained large amounts of various satellite DNA molecules whereas no plasmids were detected in any of the four strains of B. cereus tested agrees with other descriptions of the extrachromosomal DNA ofB. thuringiensis (11, 21, 35) and with the fact that the gene encoding the toxic crystal protein has been cloned from a plasmid DNA of B. thuringiensis (29) .
Plasmids from newly isolated antibiotic-resistant strains. Six plasmids were detected in five of the newly isolated antibiotic-resistant strains, EMlc, KM6a, EM10, KM1Ob, and SM12a (Table 2). Two different plasmids were detected in strain EMlc, and one plasmid was found in each of the other four strains. Strains EMlc and EM10 were resistant to erythromycin (50 ,ug/ml) and identified as B. sphaericus and B. licheniformis, respectively. Strains KM6a and KM1Ob were identified as B. circulans. Strain KM6a was resistant to kanamycin (100 ,ug/ml), and KM1Ob was resistant to both kanamycin and streptomycin (100 ,ug/ml each). Strain SM12a, identified as B. sphaericus, was resistant to streptomycin (100 ,ug/ml). None of the above plasmids corresponds to known species of Bacillus plasmids. The satellite DNAs harbored in the above strains were calculated in each case to be equal to approximately 2% of the chromosomal DNA.
Neither the antibiotic resistance traits nor the plasmids in these five strains were cured in BHI medium containing EtBr (1 ,ug/ml) or sodium dodecyl sulfate (0.2 ,ug/ml), and only in KM1Ob were they cured by novobiocin (1 ,ug/ml); thus, the role of the plasmids in antibiotic resistance is not clear. The kanamycin and streptomycin resistance phenotypes of the exceptional strain, KM1Ob, were cured simultaneously by novobiocin treatment, whereas B. subtilis KY104 could not be transformed with KM1Ob DNA to a (Fig. 2) . One of the four HindIII fragments of pFTB1l (class 2) appeared to have no homology with probe DNA (Fig. 2B, (Fig. 2C, lane 4) . Some of the DNA fragments of small molecular size-for example, the smallest EcoRI fragment of pLS13 (class 3; Fig. 2C, lane 2) and the smallest HindIII fragment of pFTB13 (class 5; Fig. 2D, lane 4) phenotype resistant to a high dose of kanamycin, streptomycin, or both. The fact that plasmids were detected in only 5 of 41 antibioticresistant strains suggests that Bacillus resistance to heavy doses of antibiotics is mostly specified by chromosomal gene(s), rather than plasmids. There remains, however, the possibility that the antibiotic resistance trait is due to a plasmid species of small molecular size and low copy number, because the procedures employed in this study could not detect satellite DNA masses equal to less than 1% of chromosomal DNA.
Plasmid DNA homologies. Restriction analyses and molecular size estimations indicated that pFTB14 did not belong to any of the six classes of small plasmids previously detected in B. subtilis and B. amyloliquefaciens. To examine the relationships among the plasmid DNAs more critically, we tested their hybridization patterns. DNAs of pLS17 and pLS22 (class 1), pLS28 and pFTB11 (class 2), pLS13 (class 3), pLS14 (class 4), and pLS11 and pLS12 (class 5) were electrophoresed on an agarose gel with or without digestion with EcoRI, BamHI or HindIII, transferred onto a nitrocellulose filter by Southern blotting, and hybridized with the [3 P]DNA of pFTB14 as the probe. Autoradiographs of the plasmid DNAs showed significant hybridization with the probe, whereas plasmids from S. aureus (pUB110, pTP4, and pTP5), which were similarly tested with the Bacillus plasmids, did not hybridize with probe DNA (Fig. 1) . These results indicate that the DNAs of plasmids found in B. subtilis and B. amyloliquefaciens had some of homology and another showed none.
Although we did not test the degree of homology between B. subtilis plasmids and B. amyloliquefaciens plasmids, the DNA homology data for pFTB14 strongly suggested that the plasmids of both species developed from a common ancestral molecule. That 
